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YOSEF NIR
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Rehovot 76100, Israel
Four topics in theory of CP violation are reviewed. (a) CP violation in B decays:
We describe a new clean way of constraining the angle γ of the unitarity triangle
and how new CP violation in decay amplitudes can signal new physics. (b) CP
violation in K decays: We explain the special features of the decay KL → pi
0νν¯
both as a measurement of Standard Model CP violating parameters and as a probe
of new physics. (c) CP violation in D decays: We describe the consequences of CP
violation from new physics in D− D¯ mixing. (d) CP violation in Supersymmetry:
We explain how a combination of measurements of CP violating processes will give
insight into the flavor and CP structure of supersymmetry.
1 Introduction
It is often said that the subject of CP symmetry and its violation is one of the
least understood in particle physics. A better statement would be to say that
it is experimentally one of the least constrained. CP violation is an expected
consequence of the Standard Model with three quark generations, but is one
of the least tested aspects of this model. The only part of CP violation that,
at present, is considered puzzling by theorists is the lack of CP violation in
strong interactions, that is the strong CP problem. The CP violation that
shows up in a small fraction of weak decays is accommodated simply in the
three-generation Standard Model Lagrangian. All it requires is that we do not
impose CP as a symmetry.
However, while we know that CP violation occurs, because it has been
observed in K decays,1 we do not yet know whether the pattern of CP violation
predicted by the minimal Standard Model is the one found in nature. The K-
decay observations, together with other measurements, place constraints on
the parameters of the Standard Model mixing matrix (the CKM matrix 2,3)
but do not yet provide any test. A multitude of large CP-violating effects
are expected in various B decays and in K → πνν¯ decays, some of which are
very cleanly predicted by the Standard Model. If we can make enough such
independent observations then it will be possible to test the Standard Model
predictions for CP violation. Either we will see that the relationships between
various measurements are consistent with the Standard Model predictions and
fully determine the CKM parameters or we will find that there is no single
choice of CKM parameters that is consistent with all measurements.
This latter case, of course, would be much more interesting. It would
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indicate that there is a contribution of physics beyond the Standard Model.
There may be enough information in the pattern of the inconsistencies to tell us
something about the nature of the new physics contributions. Thus the aim of
the game is to measure enough quantities to impose redundant constraints on
Standard Model parameters, including particularly the convention independent
combinations of CP-violating phases of CKM matrix elements.
There are also many CP violating observables where the Standard Model
contributions are too tiny to be observed. Most noticeable among these are the
electric dipole moments of the neutron and the electron, CP violation in top
production and decay, CP violation in D − D¯ mixing, and transverse lepton
polarization in meson decays. If experiments find a signal then, again, this will
indicate new physics. The pattern of CP violation is likely to provide useful
information on the details of the relevant new physics.
One may well ask, after the many successes of the Standard Model, why
we would expect violations to show up in such a low-energy regime. The best
answer is simply that it has not yet been tested. Theorists will give a variety
of further reasons. Many extensions of the Standard Model have additional
sources of CP violating effects, or effects which change the relationship of the
measurable quantities to the CP-violating parameters of the Standard Model.
In addition there is one great puzzle in cosmology that relates to CP vio-
lation, and that is the disappearance of the antimatter.4 In grand unified theo-
ries, or even in the Standard Model at sufficiently high temperatures, there are
baryon number violating processes. If such processes are active then thermal
equilibrium produces equal populations of particles and antiparticles. Thus in
modern theories of cosmology the net baryon number of the universe is zero
in the early high temperature epochs. Today it is clearly not zero, at least in
our local region. We will not here give a full discussion of the cosmological
arguments. It suffices to remark that there is a large class of theories in which
the baryon number asymmetry is generated at the weak phase transition.5 Such
theories, however, must include CP violation from sources beyond the mini-
mal Standard Model. Calculations made in that model show that it does not
generate a large enough matter-antimatter imbalance to produce the baryon
number to entropy ratio observed in the universe today. This is a hint that CP
violation from beyond Standard Model sources is worth looking for. It is by
no means a rigorous argument. There are theories in which baryon number is
generated at a much higher temperature and then protected from thermaliza-
tion to zero by B−L (baryon number minus lepton number) symmetry. Such
theories do not in general require any new low energy CP violation mechanism.
Neither do they forbid it.
More generally, since we know there is CP violation in part of the theory,
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any extension of the Standard Model cannot be required to be CP symmet-
ric. Any additional fields in the theory bring possible additional CP violating
couplings. Even assumptions such as soft or spontaneous CP symmetry break-
ing leave a wide range of possibilities. Further experimental constraints, from
experiments such as the B factory, are needed.
In this talk, we will focus on four aspects of CP violation:
(i) CP violation in B decays.6−51 Within the Standard Model framework,
we describe a new method to constrain the angle γ of the unitarity triangle
that is theoretically clean and experimentally feasible. Beyond the Standard
Model, we explain how CP violation in the decay amplitudes can be useful for
discovering new physics.
(ii) CP violation in D decays.52−58 We study the neutral D decays into
final K±π∓. We explain how CP violation from New Physics can affect the
search for mixing through this decay.
(iii) CP violation in K decays.59−73 We focus on the KL → π
0νν¯ decay.
Within the Standard Model, it gives a clean measurement of the CP violating
parameter η. Beyond the Standard Model, it probes new CP violating phases
in the s→ dνν¯ decay.
(iv) CP violation as a probe of Supersymmetry. 74−112 16,40,58 We describe
the various developments in understanding the flavor and CP problems in Su-
persymmetry. We explain how measurements of CP violation could distinguish
among the various solutions to these problems.
Unfortunately, due to lack of time and space, we have to leave out many
other topics where there have been recent interesting developments, e.g. CP
violation in top and Higgs physics,113−134 CP violation in neutrino oscillations,
135−140 baryogenesis,141−144 and various others.145−159
2 CP Violation in Meson Decays
2.1 Formalism
To establish our notations and to understand similarities and differences be-
tweenK, D and B decays, we here briefly review the formalism of CP violation
in meson decays.
We define decay amplitudes Af and A¯f through
Af = 〈f |H |B
0〉, A¯f = 〈f |H |B¯
0〉. (1)
We denote by p and q the components of the interaction eigenstates in the
neutral meson mass eigenstates:
|B1,2〉 = p|B
0〉 ± q|B¯0〉. (2)
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Finally, the complex quantity λf is defined by
λf =
q
p
A¯f
Af
. (3)
The possible manifestations of CP violation can be classified in a model
independent way:
(i) CP violation in decay, which occurs in both charged and neutral decays,
when the amplitude for a decay and its CP -conjugate process have dif-
ferent magnitudes:
|A¯f¯/Af | 6= 1. (4)
(f¯ denotes the CP-conjugate of the state f .)
(ii) CP violation in mixing, which occurs when the two neutral mass eigenstate
admixtures cannot be chosen to be CP -eigenstates:
|q/p| 6= 1. (5)
(iii) CP violation in the interference between decays with and without mixing,
which occurs in decays into final states that are common to B0 and B¯0.
It often occurs in combination with the other two types but there are
cases when, to an excellent approximation, it is the only effect, namely
Imλf 6= 0 (|λf | ≈ 1). (6)
2.2 The CKM Constraints
To understand the Standard Model predictions for CP asymmetries in vari-
ous neutral meson decays, we study the constraints on the CKM parameters
from |Vcb|, |Vub/Vcb|, ∆mBd , εK and ∆mBs . We use a new method of statisti-
cally combining the many measurements involving CKM parameters.160 This
method was adopted by the BaBar collaboration 161 and is described in detail
in 162.
There are two types of errors which enter the determination of the CKM
parameters: experimental errors and uncertainties due to theoretical model
dependence. These two types of errors will be treated differently. Experimental
errors are generally assumed to be Gaussianly distributed and can then enter
a χ2 test. For the quantities with Gaussian errors, we use 163,164
|Vcb| = 0.039± 0.004,
|Vub/Vcb|exp = |Vub/Vcb|T ± 0.05,
∆mBd = 0.463± 0.018 ps
−1,
|εK | = (2.258± 0.018)× 10
−3. (7)
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(The subscript T implies that we here refer to the hadronic model dependent
range for |Vub/Vcb| to which an experimental error should be added to give the
full uncertainty.) A large part of the uncertainty in translating the experimen-
tal observables to the CKM parameters comes, however, from errors related to
the use of hadronic models. At present, one cannot assume any shape for the
probability density of these quantities (certainly not Gaussian) and include it
in the fit. We thus do not assume any shape for these distributions but use a
whole set of ‘reasonable’ values for the parameters. Specifically, we scan the
ranges
0.06 ≤ |Vub/Vcb|T ≤ 0.10,
160 ≤ fBd
√
BBd ≤ 240 MeV,
0.6 ≤ BK ≤ 1.0. (8)
The mass difference in the Bs system has not been measured and only 95%
CL limits have been obtained:163
∆mBs ≥ 10.0 ps
−1. (9)
Such a limit is only a small part of the information and it cannot be included
directly in the χ2 minimization. In our analysis, we include the full information
from the amplitude method that is now being used by the LEP ∆mBs averaging
Working Group.163 We also use 165
BBsf
2
Bs
BBdf
2
Bd
= 1.30± 0.18. (10)
The present allowed region at 95% CL in the ρ − η plane is presented in
Fig. 1(a). Another useful presentation is in the sin 2α − sin 2β plane.166,167
The present allowed region at 95% CL is shown in Fig. 1(b).
Examining the figures, we find that, if the theoretical parameters are
within the range (8), the following ranges for the various angles of the uni-
tarity triangle are allowed at the 95% CL:
0.28 ≤ sin 2β ≤ 0.88,
−1.0 ≤ sin 2α ≤ 1.0,
0.23 ≤ sin2 γ ≤ 1.0. (11)
3 B Physics
A huge amount of work has been devoted to CP violation in B decays. This
is no doubt a result of the forthcoming B-factories, BaBar and Belle. The
5
(a)
(b)
Figure 1: The present allowed range (a) in the ρ − η plane and (b) in the sin 2α − sin 2β
plane using constraints from |Vcb|, |Vub/Vcb|, ∆mBd , εK and ∆mBs . For the methods used
in this analysis, see refs. (160,161,162).
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effort goes in two main directions: how to determine best the values of the CP
violating angles of the unitarity triangle and how to find New Physics. Instead
of trying to review all the work that has been done in this field, I will give
two examples of recent attractive developments. In the direction of measuring
CKM phases, I will describe a new method to constrain γ. In the direction of
exploring new physics, I will describe a method that uses possible new phases
in the decay amplitudes (rather than in the mixing).
3.1 Constraining γ
Of the three angles of the unitarity triangle, γ is the most difficult one to
measure in a B-factory. Many clever methods were suggested, but most of
them either suffer from rather large hadronic uncertainties or are very difficult,
not to say impossible, to carry out in a B-factory. Two methods, however,
are theoretically rather clean. One is a proposal by Atwood, Dunietz and
Soni,26 based on an idea by Gronau and Wyler,168 using triangle relations in
B → D0K decays. The other, which is described in detail below, was proposed
by Fleischer and Mannel:41 using the branching ratios of four B → πK decay
modes, it is possible to derive a bound on the angle γ of the unitarity triangle
which, under certain circumstances, is free of hadronic uncertainties.
The amplitudes for the relevant B → πK decays can be written as follows:
A(B0 → π−K+) = A0c −A
0
ue
iγeiδ,
A(B¯0 → π+K−) = A0c −A
0
ue
−iγeiδ,
A(B+ → π+K0) = A+c −A
+
u e
iγeiδ
′
,
A(B− → π−K¯0) = A+c −A
+
u e
−iγeiδ
′
. (12)
The following two assumptions are very likely to hold with regard to these four
channels:
1. The contributions to Au that do not come from tree amplitudes can be
neglected.27 The reason is that the penguin amplitudes contributions to Au are
suppressed compared to their contributions to Ac by O(|VubVus|/|VtbVts|) ∼
0.02. Then in the charged B decays, which require a b → dd¯s transition, we
can neglect Au while in the neutral B decays, which can also be mediated by
a b→ uu¯s transition, we take into account only the tree amplitude AT :
A+u = 0, A
0
u = AT . (13)
2. The contributions from electroweak penguins can be neglected.27 Indeed
these contributions can be reliably estimated and they are expected to be
O(0.01) of the leading contributions. Then Ac comes purely from QCD penguin
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amplitudes AP which, as a result of the SU(2) isospin symmetry of the strong
interactions, contribute equally to the charged and neutral B decays:
A0c = A
+
c = AP . (14)
We define
r ≡ AT /AP ,
Γ(Bd → π
∓K±) ≡
Γ(B0 → π−K+) + Γ(B¯0 → π+K−)
2
,
Γ(B± → π±K) ≡
Γ(B+ → π+K0) + Γ(B− → π−K¯0)
2
,
R ≡
Γ(Bd → π
∓K±)
Γ(B± → π±K)
. (15)
With the two approximations (13) and (14) one gets 41
R = 1− 2r cos γ cos δ + r2. (16)
In general, constraints on γ from eq. (16) depend on hadronic physics. In
particular, while R is a measurable quantity, r and cos δ are hadronic, presently
unknown parameters. (We treat r as a free parameter. Estimates based on
factorization and on SU(3) relations prefer r <∼ 0.5.
41) Fortunately, one can
find an inequality that is independent of r and cos δ:41
sin2 γ ≤ R. (17)
Clearly, the bound (17) is significant only for R < 1. Recent CLEO
results169 give R = 0.65 ± 0.40. Thus, we may be fortunate and indeed have
R < 1. As soon as an upper bound on R below unity is obtained, the limit
(17) will give, within the Standard Model, useful constraints in the ρ− η (fig.
2(a)) and sin 2α− sin 2β (fig. 2(b)) planes. It can also probe new physics.45
3.2 New CP Violation in Decay Amplitudes
Grossman and Worah24 have argued that new CP violating effects in ∆B = 1
processes can be cleanly signalled in experiment even if the effects are smaller
than the widely discussed new CP violation in ∆B = 2 processes. The reason
is that to see the decay effects, one compares two experimentally measured
quantities, and does not need to know the theoretically allowed range for either
of them.
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(a)
(b)
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Figure 2: The effect of the FM bound with R = 0.65±0.08 on the constraints (a) in the ρ−η
plane and (b) in the sin 2α− sin 2β plane. The central value for R is taken from the present
CLEO measurement (ref. (169)) while the error is our estimate for the accuracy that can be
obtained with about 80 fb−1 in B-factories. For all other constraints, we use present data.
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To explain the main points, we take the explicit example of the CP asym-
metries in B → ψKS and B → φKS , which we denote by aψKS and aφKS ,
respectively. Within the Standard Model, each of these is dominated by a sin-
gle CKM phase. Consequently, to a very good approximation, the source of the
CP asymetries is CP violation in the interference of decays with and without
mixing, namely Imλ 6= 0. Furthermore, the asymmetries can be calculated in
a theoretically clean way, giving
aψKS = sin 2β, aφKS = sin 2β, (18)
so that the present accuracy of the Standard Model prediction for these asym-
metries is given by (see fig. 2):
0.3 <∼ sin 2β <∼ 0.9 (95% CL). (19)
The Standard Model relation (18) for aψKS is extremely clean. For aφKS ,
effects of O(|VubVus|/|VtbVts|) <∼ 0.03 are neglected. We thus learn that the
Standard Model predicts 24
aψKS = aφKS to within 6%. (20)
Most studies of new physics effects on CP asymmetries in neutral B de-
cays have focussed on new CP violation in B − B¯ mixing. (For recent, model
independent studies of this case, see 16,22,38.) The strong suppression of the
Standard model box diagrams by the fourth order of the weak coupling and
small CKM angles indeed allows for competing, maybe even dominant contri-
butions from new physics. In this case, one can parameterize the new physics
effects by two new parameters, rd and θd, defined by
〈B0|Hfulleff |B¯
0〉
〈B0|HSMeff |B¯
0〉
= (rde
iθd)2. (21)
The important features in this framework are that large effects on CP asymme-
tries in B0 decays are possible and that the asymmetries are shifted universally.
The shift depends on the new CP violating phase θd only. In particular:
aψKS = sin 2(β + θd), aφKS = sin 2(β + θd), (22)
and the equality between the asymmetries (20) is maintained. The angle θd
is generally unconstrained. If indeed sin 2β ∼ 0.6, then a rather large θd is
required in order that the deviation from the Standard Model range (19) will
be manifest.
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As for the decay amplitudes, the B → ψKS decay goes through the quark
b¯→ s¯cc¯ transition which gets contributions from Standard Model tree diagrams
with only mild CKM suppression. It is then very unlikely that new physics
could affect this decay in a significant way. On the other hand, the B →
φKS decay goes through the quark b¯ → s¯ss¯ transition. This is a FCNC
process to which the leading Standard Model contributions are QCD penguin
amplitudes with an extra suppression by αs and a loop factor. Here one could
easily think of reasonable extensions of the Standard Model where there are
significant new, possibly CP violating contributions. (For specific examples, see
33,36,37,40.) Assuming that these new contributions do not induce CP violation
in decay, namely that |A¯φKS/AφKS | = 1 is maintained, the new effects can be
parameterized by
(A¯φKS/AφKS )
full
(A¯φKS/AφKS )
SM
= e2iθA . (23)
The result of such New Physics is that the asymmetries are now modified as
follows:
aψKS = sin 2(β + θd), aφKS = sin 2(β + θd + θA). (24)
Again, to test each of these predictions against the Standard Model range (19)
requires modifications of order 50%. The big advantage of having ∆B = 1
effects is that (20) is modified:
aψKS 6= aφKS , (25)
and that relatively small effects, of order 10%, can lead to an observable failure
of (20). Therefore, measurements of CP asymmetries in decays of B0 that are
suppressed by either being FCNC processes or by small CKM angles, while ex-
perimentally challenging, might provide exceptionally sensitive probes of New
Physics.
4 D Physics: CP Violation in D − D¯ Mixing
The best bound onD−D¯ mixing comes from measurements ofD0 → K+π−.170
However, these bounds are still orders of magnitude above the Standard Model
prediction for the mixing. If the value of ∆mD is anywhere close to present
bounds, it should be dominated by new physics. Then, new CP violating
phases may play an important role in D − D¯ mixing. For example, new CP
violating phases are expected in various supersymmetric models.171,172,58
The only type of CP violation that is likely to be relevant in the experi-
mental search for D− D¯ mixing is in the interference between decays with and
without mixing:
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(i) The decay D0 → K+π− proceeds via the quark subprocess c → ds¯u.
Within the SM, this process is dominated by doubly Cabibbo suppressed (DCS)
tree amplitudes. It is very difficult, if not impossible, for diagrams involving
new physics to contribute to this decay comparably to the W -mediated di-
agram. Consequently, D0 → K+π− is dominated by a single weak phase,
arg(VcdV
∗
us), and it is safe to neglect CP violation in decay.
(ii) If ∆mD is close to present bounds, then it is clearly dominated by
new physics, M12 ≫M
SM
12 . On the other hand, there is no reasonable type of
new physics that could enhance Γ12 by orders of magnitude, so that very likely
Γ12 ∼ Γ
SM
12 . Therefore, if ∆mD is close to present bounds, it is safe to assume
that Im(Γ12/M12)≪ 1 and neglect CP violation in mixing.
(iii) Within the Standard Model, both the mixing amplitude for neutral
D mesons and the decay amplitude for D → Kπ occur through processes that
involve, to a very good approximation, quarks of the first two generation only.
Therefore, the relative weak phase between the mixing and decay amplitudes
is extremely small. However, most if not all extensions of the Standard Model
that allow ∆mD close to the limit involve new CP violating phases. In these
models, the relative phase between the mixing amplitude and the decay ampli-
tude is usually unconstrained and would naturally be expected to be of O(1).
CP violation in the interference between decays with and without mixing could
then be a large effect.
To understand the consequences of this situation, we introduce the two
quantities
λK+pi− =
(
q
p
)
D
A¯K+pi−
AK+pi−
,
λK−pi+ =
(
q
p
)
D
A¯K−pi+
AK−pi+
. (26)
Our discussion above of CP violation has the following implications: Since
CP violation in decay is negligible, |AK+pi−/A¯K−pi+ | = |A¯K+pi−/AK−pi+ | = 1.
Since CP violation in mixing is negligible, |(q/p)D| = 1. Then
|λ−1
K+pi−
| = |λK−pi+ | ≡ |λ|. (27)
Furthermore, since it experimentally known that ∆mD ≪ ΓD and ∆ΓD ≪ ΓD,
we have |λK−pi+ | ≪ 1. If ∆mD is close to the bound then ∆ΓD ≪ ∆mD.
The result of this discussion is the following form for the (time dependent)
ratio between the DCS and Cabibbo-allowed decay rates:
Γ[D0(t)→ K+π−)]
Γ[D0(t)→ K−π+)]
= |λ|2 +
(∆mD)
2
4
t2 + Im(λ−1
K+pi−
)t,
12
Γ[D¯0(t)→ K−π+)]
Γ[D¯0(t)→ K+π−)]
= |λ|2 +
(∆mD)
2
4
t2 + Im(λK−pi+)t. (28)
This form is valid for time t not much larger than 1ΓD . As concerns the linear
term, there are four possible situations:
1. Im(λ−1
K+pi−
) = Im(λK−pi+) = 0: both strong and weak phases play no role
in these processes.
2. Im(λ−1
K+pi−
) = Im(λK−pi+) 6= 0: weak phases play no role in these processes.
There is a different strong phase shift in D0 → K+π− and D0 → K−π+.
(The strong phase shifts were calculated within two hadronic models and
found to be small.54)
3. Im(λ−1
K+pi−
) = −Im(λK−pi+) 6= 0: strong phases play no role in these pro-
cesses. CP violating phases affect the mixing amplitude.
4. |Im(λ−1
K+pi−
)| 6= |Im(λK−pi+)|: both strong and weak phases play a role in
these processes.
The linear term could be a problem for experiments: if the phase is such
that the interference is destructive, it could partially cancel the quadratic term
in the relevant range of time, thus weakening the experimental sensitivity to
mixing.52 On the other hand, if the mixing amplitude is smaller than the DCS
one, the interference term may signal mixing even if the pure mixing contri-
bution is below the experimental sensitivity.53
5 K Physics: KL → π
0νν¯
KL → π
0νν¯ is a very useful probe of CP violation:173
(i) It is dominated by short distance contributions. There is a hard GIM
suppression of O(Λ2QCD/m
2
c) between the long distance contribution and the
charm mediated short distance one (which by itself is small). It makes long dis-
tance contributions negligibly small. QCD corrections are known to NLO174,175
and electroweak corrections were calculated to two loops in the largemt limit.
73
(ii) 〈π|(s¯d)V−A|K〉 is known. This matrix element is a current operator
that is much simpler than the four quark operators that are relevant to other
rare processes such as ∆mK and εK . Moreover, it is related by isopsin sym-
metry to 〈π|(s¯u)VA |K〉 which is measured in K
+ → π0e+ν decay. The isospin
breaking corrections were calculated.59
(iii) The decay is purely CP violating. In general, three body final states
are not CP eigenstates. However, in this case, if neutrinos are purely left-
handed, the final state is almost purely CP-even, with only O(m2K/m
2
Z) CP-
odd component. Thus, the decay violates CP. (An exception to this statement
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arises in models with lepton-number violating K decays, where final states
π0νiν¯j , i 6= j, could dominate.
69)
(iv) The required CP violation is dominated by interference between decays
with and without mixing. It is experimentally known that |q/p| = 1+O(10−3).
It is theoretically estimated that |A¯/A| = 1+O(10−5). In contrast, the effects
of CP violation in the interference of decays with and without mixing (Imλ 6= 0)
are expected to be of O(1).
As a result of these special features, the KL → π
0νν¯ decay is theoretically
clean to the level of 10−3. The theoretical cleanliness (features (i) and (ii)
above) is also valid for the K+ → π+νν¯ decay. This mode is, however, not
CP violating. (Recently, the first experimental evidence for this decay has
been announced by the E787 collaboration.176) The combination of the two
decay modes provide a very clean determination of the angle β of the unitarity
triangle.65 The cleanliness is comparable to that of the determination of β from
the CP asymmetry in B → ψKS. The constraints on the CKM parameters
are demonstrated in fig. 3.
Model independently, we get a clean determination of θK , the relative
phase between theK−K¯ mixing amplitude and the s→ dνν¯ decay amplitude:69
apiνν¯ ≡
Γ(KL → π
0νν¯)
Γ(K+ → π+νν¯)
= sin2 θK . (29)
Eq. (29) together with the experimental upper bound,177,176 BR(K+ →
π+νν¯) ≤ 2.4× 10−9, give a model independent bound,69
BR(KL → π
0νν¯) ≤ 1.1× 10−8, (30)
which is more than two orders of magnitude stronger than the new direct
experimental bound from KTeV,178
BR(KL → π
0νν¯) ≤ 1.8× 10−6. (31)
The K → πνν¯ decays are useful in probing CP violation beyond the Stan-
dard Model.179,64,69,70,72 The bound (30) is still about three orders of magni-
tude above the Standard Model prediction,68 BR(KL → π
0νν¯) = (2.8± 1.7)×
10−11, leaving plenty of room for new physics. The εK constraints on CP vi-
olation in K − K¯ mixing imply that such new physics can only appear in the
decay amplitude. For example, significant new contributions to s→ dνν¯ with
new CP violating phases are possible in extensions of the quark sector.69
Finally, we would like to clarify one further point. In certain superweak
models, CP violation appears in processes that change flavor by two units only,
i.e. in mixing but not in decay amplitudes. This leads to the prediction that
14
(a)
(b)
Figure 3: The effect of the K → piνν¯ measurements on the constraints (a) in the ρ − η
plane and (b) in the sin 2α− sin 2β plane. We use BR(K+ → pi+νν¯) = (1.0 ± 0.1)× 10−10,
BR(KL → pi
0νν¯) = (3.0±0.3)×10−11, and |Vcb| = 0.039±0.02. (These are the hypothetical
ranges used in ref. (65).) For all other constraints we use present data.
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the CP asymmetries in K decays should be ‘universal’, namely independent of
the final state. In particular, the CP asymmetry inK → ππ has been measured
(that is the εK parameter) and is O(10
−3). We learn that if the ratio (29) is
measured and found to be ≫ 10−3 (or, equivalently at present, if BR(KL →
π0νν¯) ∼ 10−11, as predicted by the SM) then superweak CP violation will
be excluded. This situation is sometimes described in the literature by the
statement thatKL → π
0νν¯ will provide an unambiguous evidence for direct CP
violation. A similar conclusion will follow if the asymmetries in, say, B → ψKS
and B → ππ are found to be unequal.
6 Supersymmetry
6.1 The Supersymmetric CP Problems
A generic supersymmetric extension of the Standard Model contains a host of
new flavor and CP violating parameters. The requirement of consistency with
experimental data provides strong constraints on many of these parameters.
For this reason, the physics of flavor and CP violation has had a profound
impact on supersymmetric model building. A discussion of CP violation in
this context can hardly avoid addressing the flavor problem itself. Indeed,
many of the supersymmetric models that we analyze below were originally
aimed at solving flavor problems.
As concerns CP violation, one can distinguish two classes of experimen-
tal constraints. First, bounds on nuclear and atomic electric dipole moments
determine what is usually called the supersymmetric CP problem. It involves
effects that are flavor preserving and consequently appears already in the min-
imal supersymmetric standard model (MSSM) with universal sfermion masses
and with the trilinear SUSY-breaking scalar couplings proportional to the cor-
responding Yukawa couplings. In such a constrained framework, there are
two new physical phases beyond the two phases of the Standard Model (δKM
and θQCD),
180,76 usually denoted by φA and φB. In the more general case of
non-universal soft terms there is one independent phase φAi for each quark
and lepton flavor. Moreover, complex off-diagonal entries in the sfermion mass
matrices may represent additional sources of CP violation.
The most significant effect of φA and φB is their contribution to electric
dipole moments (EDMs). In particular, the present experimental bound, dN <
1.1× 10−25e cm 181,182 implies 183
(
100GeV
m˜
)2
sinφA,B <∼ 10
−2 dN
10−25 e cm
, (32)
where m˜ represents the overall SUSY scale. Whether the phases are small or
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squarks are heavy, a fine-tuning of order 10−2 seems to be required, in general,
to avoid too large a dN . This is the Supersymmetric CP Problem.
A second class of experimental constraints, involving the physics of neu-
tral mesons and, most importantly, the small experimental value of εK , pose
the supersymmetric εK problem. The contribution to the CP violating εK pa-
rameter in the neutral K system is dominated by diagrams involving Q and d¯
squarks in the same loop. A typical bound on the supersymmetric parameters
reads:87 (
300 GeV
m˜
)2 ∣∣∣∣∣
(δm2Q)12
m2Q
(δm2D)12
m2D
∣∣∣∣∣ sinφ <∼ 0.5× 10−7, (33)
where φ = arg((δm2Q)12(δm
2
D)12), and (δm
2
Q,D)12 are the off diagonal entries
in the squark mass matrices in a basis where the down quark mass matrix
and the gluino couplings are diagonal. For dimensionless parameters assuming
their natural values of O(1), the constraint (33) is generically violated by about
seven orders of magnitude. This is the supersymmetric εK problem.
6.2 Classes of Supersymmetric Models
The supersymmetric flavor and CP problems have provided a very significant
input to supersymmetry model builders. Two scales play an important role
in supersymmetry: ΛS , where the soft supersymmetry breaking terms are
generated, and ΛF , where flavor dynamics takes place.
Both supersymmetric CP problems are solved if, at the scale ΛS , the soft
supersymmetry breaking terms are universal and the genuine SUSY CP phases
φA,B vanish. Then the Yukawa matrices represent the only source of flavor
and CP violation which is relevant in low energy physics. This situation can
naturally arise if ΛS ≪ ΛF , as in models where supersymmetry breaking is
mediated by the Standard Model gauge interactions.184 In the simplest scenar-
ios, the A-terms and the gaugino masses are generated by the same SUSY and
U(1)R breaking source, leading to φA = 0. In specific models also φB = 0 in a
similar way.185,91
The most important implication of this type of boundary conditions for
soft terms, which we refer to as exact universality,186,187 is the existence of the
SUSY analogue of the GIM mechanism which operates in the SM. The CP
violating phase of the CKM matrix can feed into the soft terms via Renor-
malization Group (RG) evolution only with a strong suppression from light
quark masses.180,98 The resulting phenomenology of CP violation is hardly
distinguishable from the Standard Model.
When ΛF <∼ ΛS , we do not expect, in general, that flavor and CP violation
are limited to the Yukawa matrices. One way to suppress CP violation would
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be to assume that CP is an approximate symmetry of the full theory. In such
a case, we expect also the SM phase δKM to be ≪ 1. Then the standard box
diagrams cannot account for εK which should arise from another source. In
supersymmetry with non-universal soft terms, the source could be diagrams
involving virtual superpartners, mainly squark-gluino box diagrams. Let us call
(MK12)
SUSY the supersymmetric contribution to the K − K¯ mixing amplitude.
Then the requirements Re(MK12)
SUSY <∼ ∆mK and Im(M
K
12)
SUSY ∼ εK∆mK
imply that the generic CP phases are ≥ O(εK) ∼ 10
−3. Then, somewhat
similar to the superweak scenario, all CP violating observables (when defined
appropriately) are characterized by a similar small parameter. This situation
implies many dramatic consequences, e.g. dN just below or barely compatible
with the present experimental bound and, most striking, that CP asymmetries
in B meson decays are small, perhaps O(εK), rather than O(1) as expected in
the SM.
Another option is to assume that, similarly to the Standard Model, CP
violating phases are large, but their effects are screened, possibly by the same
physics that explains the various flavor puzzles. This usually requires Abelian
or non-Abelian horizontal symmetries. Two ingredients play a major role here:
selection rules that come from the symmetry and holomorphy of Yukawa and
A-terms that comes from the supersymmetry. With Abelian symmetries, the
screening mechanism is provided by alignment,171,172 whereby the mixing ma-
trices for gaugino couplings have very small mixing angles, particularly for the
first two down squark generations. With non-Abelian symmetries, the screen-
ing mechanism is approximate universality, where quarks of the two light fami-
lies fit into an irreducible doublet and are, therefore, approximately degenerate.
188−190 74,80,83,94,97. An extension of these ideas, aimed at screening the CP
phases in the A-terms, assumes that CP is a symmetry of the Lagrangian,84
spontaneously broken by the same fields that break the horizontal symmetry.
In general, it can be shown that non-universality of A-terms and the require-
ment of O(1) CKM phase imply φA >∼ sin
6 θC , leading to dN >∼ 10
−28e cm.
The minimal result can be reached only with almost triangular Yukawa ma-
trices, which can be achieved with Abelian flavor symmetries. In models of
non-Abelian symmetries, where the two light families are in irreducible dou-
blets, one does not expect such a structure and typically the effective CP
phases for light quarks are expected to be >∼ sin
4 θC .
As far as the third generation is concerned, the signatures of Abelian and
non-Abelian models are similar. In particular, they allow observable devia-
tions from the SM predictions for CP asymmetries in B decays. In some cases,
non-Abelian models give relations between CKM parameters and consequently
predict strong constraints on these CP asymmetries. For the two light genera-
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tions, only alignment allows interesting effects. In particular, it predicts large
CP violating effects in D − D¯ mixing.171,172
Finally, it is possible that CP violating effects are suppressed because
squarks are heavy.191 If the masses of the first and second generations squarks
mi are larger than the other soft masses, m
2
i ∼ 100 m˜
2 then the Super-
symmetric CP problem is solved and the εK problem is relaxed (but not
eliminated).74,188 This does not necessarily lead to naturalness problems, since
these two generations are almost decoupled from the Higgs sector.
Notice though that, with the possible exception ofm2
b˜R
, third family squark
masses cannot naturally be much abovem2Z . If the relevant phases are of O(1),
the main contribution to dN comes from the third family via the two-loop
induced three-gluon operator,192 and it is roughly at the present experimental
bound when mt˜L,R ∼ 100 GeV .
Models with the first two squark generations heavy have their own signa-
tures of CP violation in neutral meson mixing.58 The mixing angles relevant
to D − D¯ mixing are similar, in general, to those of models of alignment (if
alignment is invoked to explain ∆mK with m
2
Q,D
<∼ 20 TeV ). However, as u˜
and c˜ squarks are heavy, the contribution to D − D¯ mixing is only about one
to two orders of magnitude below the experimental bound. This may lead to
the interesting situation that D − D¯ mixing will first be observed through its
CP violating part.53 In the neutral B system, O(1) shifts from the Standard
Model predictions of CP asymmetries in the decays to final CP eigenstates are
possible. This can occur even when the squarks masses of the third family are
∼ 1 TeV ,90 since now mixing angles can naturally be larger than in the case
of horizontal symmetries (alignment or approximate universality).
To summarize, measurements of CP violation will provide us with an ex-
cellent probe of the flavor and CP structure of supersymmetry. This is clearly
demonstrated in Table (1).
7 Final Comments
The unique features of CP violation are well demonstrated by examining the
CP asymmetry in B → ψKS , aψKS , and CP violation in KL → π
0νν¯, apiνν¯ .
Model independently, aψKS measures the relative phase between the B − B¯
mixing amplitude and the b → cc¯d decay amplitude (more precisely, the b →
cc¯s decay amplitude times the K− K¯ mixing amplitude), while apiνν¯ measures
the relative phase between the K − K¯ mixing amplitude and the s → dνν¯
decay amplitude. We would like to emphasize the following three points:
(i) The two measurements are theoretically clean to better than O(10−2).
Thus they can provide the most accurate determination of CKM parameters.
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Table 1: CP violating observables in various classes of Supersymmetric flavor models. θd,
θA, λK−pi+ and θK are defined in eqs. (21), (23), (26) and (29), respectively.
Model dN10−25 e cm θd θA
Im(λ
K−pi+
)
|λ
K−pi+
| θK
Standard Model <∼ 10
−6 0 0 0 O(1)
Exact Universality <∼ 10
−6 0 0 0 =SM
Approximate CP ∼ 10−1 −β 0 O(10−3) O(10−3)
Alignment >∼ 10
−3 O(0.2) O(1) O(1) ≈SM
Approx. Universality >∼ 10
−2 O(0.2) O(1) 0 ≈SM
Heavy Squarks ∼ 10−1 O(1) O(1) O(10−2) ≈SM
In particular, the theoretical accuracy will be better than in the determination
of sin θC from K → πℓν.
(ii) As concerns CP violation, the Standard Model is a uniquely predictive
model. In particular, it predicts that the seemingly unrelated aψKS and apiνν¯
measure the same parameter, that is the angle β of the unitarity triangle.
(iii) In the presence of New Physics, there is in general no reason for a
relation between aψKS and apiνν¯ . Therefore, a measurement of both will provide
a sensitive probe of New Physics.
Acknowledgments
I am grateful to Francesca Borzumati, Michael Dine, Yuval Grossman and
Nathan Seiberg for their help in preparing this talk. Special thanks go to
Stephane Plaszczynski and Marie-Helene Schune for performing the CKM fit
and preparing the plots for my presentation. YN is supported in part by
the United States – Israel Binational Science Foundation (BSF), by the Israel
Science Foundation, and by the Minerva Foundation (Munich).
References
1. J.H. Christenson, J.W. Cronin, V.L. Fitch and R. Turlay, Phys. Rev.
Lett. 13, 138 (1964).
2. N. Cabibbo, Phys. Rev. Lett. 10, 531 (1963).
3. M. Kobayashi and T. Maskawa, Prog. Theo. Phys. 49, 652 (1973).
4. A.D. Sakharov, ZhETF Pis. Red. 5, 32 (1967); JETP Lett. 5, 24 (1967).
20
5. For a review see A.G. Cohen, D.B. Kaplan and A.E. Nelson, Ann. Rev.
Nucl. Part. Sci. 43, 27 (1993).
6. A.J. Buras and R. Fleischer, Phys. Lett. B 360, 138 (1995), hep-
ph/9507460.
7. R. Fleischer, Phys. Lett. B 365, 399 (1996), hep-ph/9509204.
8. A.S. Dighe, Phys. Rev. D 54, 2067 (1996), hep-ph/9509287.
9. M. Gronau and J.L. Rosner, Phys. Rev. D 53, 2516 (1996), hep-
ph/9509325; Phys. Rev. Lett. 76, 1200 (1996), hep-ph/9510363.
10. A.S. Dighe, M. Gronau and J.L. Rosner, Phys. Lett. B 367, 357 (1996),
hep-ph/9509428; Phys. Rev. D 54, 3309 (1996), hep-ph/9604233.
11. Y. Grossman, Phys. Lett. B 380, 99 (1996), hep-ph/9603244.
12. N.G. Deshpande, X.-G. He and S. Oh, Phys. Lett. B 384, 283 (1996),
hep-ph/9604336.
13. R. Fleischer and I. Dunietz, Phys. Rev. D 55, 259 (1997), hep-
ph/9605220; Phys. Lett. B 387, 361 (1996), hep-ph/9605221.
14. A.S. Dighe and J.L. Rosner, Phys. Rev. D 54, 4677 (1996), hep-
ph/9606207.
15. R. Enomoto and M. Tanabashi, Phys. Lett. B 386, 413 (1996), hep-
ph/9606217.
16. N.G. Deshpande, B. Dutta and S. Oh, Phys. Rev. Lett. 77, 4499 (1996),
hep-ph/9608231.
17. X.G. He and A. Soni, Phys. Lett. B 391, 456 (1997), hep-ph/9608262.
18. R. Sinha, hep-ph/9608314.
19. F. Kruger and L.M. Sehgal, Phys. Rev. D 55, 2799 (1997), hep-
ph/9608361.
20. M. Gronau and D. London, Phys. Rev. D 55, 2845 (1997), hep-
ph/9608430.
21. M. Beneke, G. Buchalla and I. Dunietz, Phys. Lett. B 393, 132 (1997),
hep-ph/9609357.
22. J.P. Silva and L. Wolfenstein, Phys. Rev. D 55, 5331 (1997), hep-
ph/9610208.
23. R. Fleischer and T. Mannel, Phys. Lett. B 397, 269 (1997), hep-
ph/9610357.
24. Y. Grossman and M.P. Worah, Phys. Lett. B 395, 241 (1997), hep-
ph/9612269; hep-ph/9707280.
25. A.N. Kamal and C.W. Luo, Phys. Lett. B 398, 151 (1997), hep-
ph/9612401.
26. D. Atwood, I. Dunietz and A. Soni, Phys. Rev. Lett. 78, 3257 (1997),
hep-ph/9612433.
27. R. Fleischer, Int. J. Mod. Phys. A 12, 2459 (1997), hep-ph/9612446.
21
28. G.H. Wu, K. Kiers and J.N. Ng, Phys. Lett. B 402, 159 (1997), hep-
ph/9701293; hep-ph/9705293.
29. B. Blok, M. Gronau and J.L. Rosner, Phys. Rev. Lett. 78, 3999 (1997),
hep-ph/9701396.
30. A.I. Sanda and Z. Xing, Phys. Rev. D 56, 341 (1997), hep-ph/9702297.
31. G. Barenboim, J. Barnabeu and M. Raidal, hep-ph/9702337.
32. H. Yamamoto, Phys. Lett. B 401, 91 (1997), hep-ph/9703347.
33. D.E. Kaplan, hep-ph/9703347.
34. G.M. Asatrian, G.K. Egiian and A.N. Ioannisian, hep-ph/9703393.
35. D. Atwood, M. Gronau and A. Soni, Phys. Rev. Lett. 79, 185 (1997),
hep-ph/9704272.
36. M. Ciucchini et al., Phys. Rev. Lett. 79, 978 (1997), hep-ph/9704274.
37. D. London and A. Soni, Phys. Lett. B 407, 61 (1997), hep-ph/9704277.
38. Y. Grossman, Y. Nir and M.P. Worah, hep-ph/9704287.
39. A.A. El-Hadi and G. Valencia, hep-ph/9704300.
40. R. Barbieri and A. Strumia, hep-ph/9704402.
41. R. Fleischer and T. Mannel, hep-ph/9704423.
42. T.E. Browder, A. Datta, X.-G. He and S. Pakvasa, hep-ph/9705320.
43. Y. Grossman and H.R. Quinn, hep-ph/9705356.
44. S. Gardner, H.B. O’Connell and A.W. Thomas, hep-ph/9705453.
45. R. Fleischer and T. Mannel, hep-ph/9706261.
46. F. Kruger and L.M. Sehgal, hep-ph/9706247.
47. D.S. Du and M.Z. Yang, hep-ph/9706322.
48. D. Silverman and H. Yao, hep-ph/9706359.
49. D. Atwood and A. Soni, hep-ph/9706512.
50. A.L. Kagan and A.A. Petrov, hep-ph/9707354.
51. N. Sinha and R. Sinha, hep-ph/9707416.
52. G. Blaylock, A. Seiden and Y. Nir, Phys. Lett. B 355, 555 (1995),
hep-ph/9504306.
53. L. Wolfenstein, Phys. Rev. Lett. 75, 2460 (1995), hep-ph/9505285.
54. T. Browder and S. Pakvasa, Phys. Lett. B 383, 475 (1996), hep-
ph/9508362.
55. Z. Xing, Phys. Lett. B 371, 310 (1996), hep-ph/9512215.
56. G.C. Branco, W. Grimus and L. Lavoura, Phys. Lett. B 372, 311 (1996),
hep-ph/9512254.
57. Z. Xing, Phys. Rev. D 55, 196 (1997), hep-ph/9606422.
58. A.G. Cohen, D.B. Kaplan, F. Lepeintre and A.E. Nelson, Phys. Rev.
Lett. 78, 2300 (1997), hep-ph/9610252.
59. W. Marciano and Z. Parsa, Phys. Rev. D 53, 1 (1996).
60. M. Kobayashi, T.T. Lin and Y. Okada, Prog. Theo. Phys. 95, 361
22
(1996), hep-ph/9507225.
61. S. Bertolini, J.O. Eeg and M. Fabrichesi, Nucl. Phys. B 476, 225 (1996),
hep-ph/9512356.
62. S. Herrlich and U. Niereste, Phys. Rev. D 52, 6505 (1995), hep-
ph/9507262; Nucl. Phys. B 476, 27 (1996), hep-ph/9604330.
63. R. Gupta and T. Bhattacharya, Phys. Rev. D 55, 7203 (1997), hep-
ph/9605039.
64. C.E. Carlson, G.D. Dorata and M. Sher, Phys. Rev. D 54, 4393 (1996),
hep-ph/9606269.
65. G. Buchalla and A.J. Buras, Phys. Rev. D 54, 6782 (1996), hep-
ph/9607447.
66. A.J. Buras, M. Jamin and M.E. Lautenbacher, Phys. Lett. B 389, 749
(1996), hep-ph/9608365.
67. A.E. Bergan and J.O. Eeg, Phys. Lett. B 390, 420 (1997), hep-
ph/9609262.
68. A.J. Buras, hep-ph/9610461.
69. Y. Grossman and Y. Nir, Phys. Lett. B 398, 163 (1997), hep-
ph/9701313.
70. G. Burdman, hep-ph/9705400.
71. S. Bertolini, J.O. Eeg, M. Fabrichesi and E.I. Lashin, hep-ph/9706260.
72. A. Berera, T.W. Kephart and M. Sher, hep-ph/9707212.
73. G. Buchalla and A.J. Buras, hep-ph/9707243.
74. A. Pomarol and D. Tommasini, Nucl. Phys. B 466, 3 (1996), hep-
ph/9507462.
75. E. Gabrielli, A. Masiero and L. Silvestrini, Phys. Lett. B 374, 80 (1996),
hep-ph/9509379.
76. S. Dimopoulos ans S. Thomas, Nucl. Phys. B 465, 23 (1996), hep-
ph/9510220.
77. T. Goto, T. Nihei and Y. Okada, Phys. Rev. D 53, 5233 (1996), hep-
ph/9510286.
78. R. Barbieri, A. Romanino and A. Strumia, Phys. Lett. B 369, 28 (1996),
hep-ph/9511305.
79. S.A. Abel, W.N. Cottingham and I.B. Wittingham, Phys. Lett. B 370,
106 (1996), hep-ph/9511326.
80. R. Barbieri, G. Dvali and L.J. Hall, Phys. Lett. B 377, 76 (1996),
hep-ph/9512388.
81. J. Ellis and R. Flores, Phys. Lett. B 377, 83 (1996), hep-ph/9602211.
82. T. Falk and K.A. Olive, Phys. Lett. B 375, 196 (1996), hep-ph/9602299.
83. C. Carone, L.J. Hall and H. Murayama, Phys. Rev. D 54, 2328 (1996),
hep-ph/9602364.
23
84. Y. Nir and R. Rattazzi, Phys. Lett. B 382, 363 (1996), hep-ph/9603233.
85. M.P. Worah, Phys. Rev. D 54, 2298 (1996), hep-ph/9603253.
86. I.B. Khriplovich and K.N. Zyablyuk, Phys. Lett. B 383, 429 (1996),
hep-ph/9604211.
87. F. Gabbiani, E. Gabrielli, A. Masiero and L. Silvestrini, Nucl. Phys. B
477, 321 (1996), hep-ph/9604387.
88. R.N. Mohapatra and A. Rasin, Phys. Rev. D 54, 5835 (1996), hep-
ph/9604445.
89. G. Dvali and A. Pomarol, Phys. Rev. Lett. 77, 3728 (1996), hep-
ph/9607383.
90. A.G. Cohen, D.B. Kaplan and A.E. Nelson, Phys. Lett. B 388, 588
(1996), hep-ph/9607394.
91. M. Dine, Y. Nir and Y. Shirman, Phys. Rev. D 55, 1501 (1996), hep-
ph/9607397.
92. S.A. Abel and J.M. Frere, Phys. Rev. D 55, 1623 (1996), hep-
ph/9608251.
93. R. Mohapatra and A. Riotto, Phys. Rev. D 55, 1138 (1996), hep-
ph/9608441.
94. Z.G. Berezhiani, hep-ph/9609342.
95. N. Haba, Phys. Lett. B 398, 305 (1997), hep-ph/9609395.
96. R. Garisto and J.D. Wells, Phys. Rev. D 55, 1611 (1997), hep-
ph/9609511.
97. R. Barbieri, L.J. Hall, S. Raby and A. Romanino, Nucl. Phys. B 493, 3
(1997), hep-ph/9610449.
98. A. Romanino and A. Strumia, Nucl. Phys. B 490, 3 (1997), hep-
ph/9610485.
99. G.H. Wu and J.N. Ng, Phys. Lett. B 392, 93 (1997), hep-ph/9609314;
Phys. Rev. D 55, 2806 (1997), hep-ph/9610533.
100. M. Fabbrichesi and F. Vissani, Phys. Rev. D 55, 5334 (1997), hep-
ph/9611237.
101. S.A. Abel, hep-ph/9612272.
102. S.M. Barr, Phys. Rev. D 56, 1475 (1997),hep-ph/9612396; hep-
ph/9705265.
103. Y. Grossman, Y. Nir and R. Rattazzi, hep-ph/9701231.
104. R. Barbieri, L.J. Hall and A. Romanino, Phys. Lett. B 401, 47 (1997),
hep-ph/9702315.
105. N. Arkani-Hamed, J.L. Feng, L.J. Hall and H.C. Cheng, hep-
ph/9704205.
106. D. Bowser-Chao and W.Y. Keung, hep-ph/9704219.
107. D. Bailin, G.V. Kraniotis and A. Love, hep-ph/9705244.
24
108. M.M. Robinson and J. Ziabicki, hep-ph/9705418.
109. R.N. Mohapatra, A. Rasin and G. Senjanovic, hep-ph/9707281.
110. T. Nihei, hep-ph/9707336.
111. T. Ibrahim and P. Nath, hep-ph/9707409.
112. O.C.W. Kong and F.L. Lin, hep-ph/9707433.
113. H. Anlauf, W. Bernreuther and A. Brandenburg, Phys. Rev. D 52,
3903 (1995), hep-ph/9504424.
114. P. Haberl, O. Nachtmann and A. Wilch, Phys. Rev. D 53, 4875 (1996),
hep-ph/9505409.
115. A. Bartl, E. Christova and W. Majerotto, Nucl. Phys. B 460, 235
(1996), hep-ph/9507445.
116. S. Bar-Shalom, D. Atwood, G. Eilam, R.R. Mendel and A. Soni, Phys.
Rev. D 53, 1162 (1996), hep-ph/9508314.
117. P. Poulose and S.D. Rindani, Phys. Rev. D 54, 4326 (1996), hep-
ph/9509299; Phys. Lett. B 383, 212 (1996), hep-ph/9506356.
118. W. Bernreuther and P. Overmann, Z. Phys. C 72, 461 (1996), hep-
ph/9511256.
119. J.F. Gunion, B. Grzadkowski and X.-G. He, Phys. Rev. Lett. 77, 5172
(1996), hep-ph/9605326.
120. D. Atwood, S. Bar-Shalom, G. Eilam and A. Soni, Phys. Rev. D 54,
5412 (1996), hep-ph/9605345.
121. D. Atwood and A. Soni, hep-ph/9607481.
122. B. Grzadkowski and Z. Hioki, Phys. Lett. B 391, 172 (1997), hep-
ph/9608306; Nucl. Phys. B 484, 17 (1997), hep-ph/9604301.
123. T. Hasuike, T. Hattori, T. Hayashi, S. Wakaizumi, hep-ph/9611304.
124. W. Bernreuther, A. Brandenburg and M. Flesch, Phys. Rev. D 56, 90
(1997), hep-ph/9701347.
125. K. Wishnant, J.M. Yang, B.L. Young and X. Zhang, Phys. Rev. D 56,
467 (1997), hep-ph/9702289.
126. G.J. Gounaris and G.P. Tsirigoti, Phys. Rev. D 56, 3030 (1997), hep-
ph/9703446.
127. J.M. Yang and B.-L. Young, hep-ph/9703463.
128. M.S. Baek, S.Y. Choi and C.S. Kim, hep-ph/9704312.
129. J.F. Gunion, B. Grzadkowski, H.E. Haber and J. Kalinowski, Phys.
Rev. Lett. 79, 982 (1997), hep-ph/9704410.
130. A. Bartl, E. Christova, T. Gajdosik andW. Majerotto, hep-ph/9705245.
131. S.Y. Choi, C.S. Kim and J. Lee, hep-ph/9706379.
132. C.A. Nelson, B.T. Kress, M. Lopes and T.P. McCauley, hep-
ph/9706469; hep-ph/9707211.
133. B. Grzadkowski, B. Lampe and K.J. Abraham, hep-ph/9706489.
25
134. S. Bar-Shalom, D. Atwood and A. Soni, hep-ph/9707284.
135. M. Tanimoto, Phys. Rev. D 55, 322 (1997), hep-ph/9605413; Prog.
Theo. Phys. 97, 901 (1997), hep-ph/9612444.
136. J. Arafune and J. Sato, Phys. Rev. D 55, 1653 (1997), hep-ph/9707437.
137. J. Arafune, M. Koike and J. Sato, Phys. Rev. D 56, 3093 (1997),
hep-ph/9703351.
138. S.M. Bilenkii, C. Giunti and W. Grimus, hep-ph/9705300.
139. H. Minakata and H. Nunokawa, hep-ph/9705208; hep-ph/9706281.
140. M. Koike and J. Sato, hep-ph/9707203.
141. L. Covi, E. Roulet and F. Vissani, Phys. Lett. B 384, 169 (1996),
hep-ph/9605319.
142. J. McDonald, Phys. Rev. D 53, 645 (1996), hep-ph/9707437.
143. M.P. Worah, Phys. Rev. D 53, 3902 (1996), hep-ph/9508316; Phys.
Rev. D 56, 2010 (1997), hep-ph/9702423; hep-ph/9704389.
144. T. Multamaki and I. Vilja, hep-ph/9705469.
145. C.A. Nelson, Phys. Rev. D 53, 5001 (1996), hep-ph/9605319.
146. A. Pilaftsis, Phys. Rev. Lett. 77, 4996 (1996), hep-ph/9603328; hep-
ph/9702393.
147. W. Bernreuther, A. Brandenburg, P. Haberl and O. Nachtman, Phys.
Lett. B 387, 155 (1996), hep-ph/9606379.
148. J.H. Kuhn and E. Mirkes, Phys. Lett. B 398, 407 (1996), hep-
ph/9609502.
149. P.H. Frampton and S.L. Glashow, Phys. Rev. D 55, 1691 (1997), hep-
ph/9609496.
150. S. Dawson, X.G. He and G. Valencia, Phys. Lett. B 3890, 431 (1997),
hep-ph/9609523.
151. G. Barenboim, J. Bernabeu, J. Prades and M. Raidal, Phys. Rev. D
55, 4213 (1997), hep-ph/9611347.
152. L. Lavoura, Phys. Lett. B 391, 441 (1997), hep-ph/9611266; Phys.
Lett. B 400, 152 (1997), hep-ph/9612221.
153. D. Bruss, O. Nachtmann and P. Overmann, hep-ph/9703216.
154. H. Gonzalez, S.R. Juarez, P. Kielanowski and G. Lopez Castro, hep-
ph/9703292.
155. D. Bowser-Chao, D. Chang and W.Y. Keung, hep-ph/9703435.
156. F. del Aguila, J.A. Aguilar-Saavedra and G.C. Branco, hep-ph/9703410.
157. B. Holdon, hep-ph/9705231.
158. D. Delepine, J.M. Gerard, R. Gonzalez Felipe and J. Weyers, hep-
ph/9705335.
159. M. Beuthe, G. Lopez Castro and J. Pestieau, hep-ph/9707369.
160. S. Plaszczynski and M.-H. Schune, BaBar note 340.
26
161. The BaBar Physics Book, SLAC-R-504, in preparation.
162. Y. Grossman, Y. Nir, S. Plaszczynski and M.-H. Schune, hep-
ph/9709288.
163. O. Schneider, these proceedings.
164. R.M. Barnett et al., Particle Data Group, Phys. Rev. D54 (1996) 1.
165. C. Sachrajda, these proceedings.
166. J.M. Soares and L. Wolfenstein, Phys. Rev. D47 (1993) 1021.
167. Y. Nir and U. Sarid, Phys. Rev. D47 (1993) 2818.
168. M. Gronau and D. Wyler, Phys. Lett. B 265, 172 (1991).
169. P. Drell, these proceedings.
170. The Fermilab E791 collaboration, hep-ex/9608018.
171. Y. Nir and N. Seiberg, Phys. Lett. B 309, 337 (1993), hep-ph/9304307.
172. M. Leurer, Y. Nir and N. Seiberg, Nucl. Phys. B 420, 468 (1994),
hep-ph/9410320.
173. L.S. Littenberg, Phys. Rev. D 39, 3322 (1989).
174. G. Buchalla and A.J. Buras, Phys. Lett. B 333, 221 (1994), hep-
ph/9405259; Nucl. Phys. B 400, 225 (1993).
175. A.J. Buras, Phys. Lett. B 333, 476 (1994), hep-ph/9405368.
176. S. Adler et al., E787 collaboration, hep-ex/9708031.
177. S. Adler et al., E787 collaboration, Phys. Rev. Lett. 77, 1421 (1996).
178. A.J.S. Smith, these proceedings.
179. G. Belanger, C.Q. Geng and P. Turcotte, Phys. Rev. D 46, 2950 (1992).
180. M. Dugan, B. Grinstein and L.J. Hall, Nucl. Phys. B 255, 413 (1985).
181. K.F. Smith et al., Phys. Lett. B 234, 191 (1990).
182. I.S. Altarev et al., Phys. Lett. B 276, 242 (1992).
183. See e.g. W. Fischler, S. Paban and S. Thomas, Phys. Lett. B 289, 373
(1992).
184. See e.g. M. Dine, A. Nelson, Y. Nir and Y. Shirman, Phys. Rev. D 53,
2658 (1996), hep-ph/9507378.
185. M. Dine, A. Nelson and Y. Shirman, Phys. Rev. D 51, 1362 (1995),
hep-ph/9408384.
186. S. Dimopoulos and H. Georgi, Nucl. Phys. B 193, 150 (1981).
187. N. Sakai, Z. Phys. C 11, 153 (1981).
188. M. Dine, A. Kagan and R.G. Leigh, Phys. Rev. D 48, 4269 (1993).
189. P. Pouliot and N. Seiberg, Phys. Lett. B 318, 169 (1993).
190. L.J. Hall and H. Murayama, Phys. Rev. Lett. 75, 3985 (1995).
191. M. Dine, A. Kagan and S. Samuel, Phys. Lett. B 243, 250 (1990).
192. S. Weinberg, Phys. Rev. Lett. 63, 2333 (1989).
27
